Introduction
In Mediterranean region small ruminants are constrained by malnutrition and seasonal fluctuation of feed supply. A strategy to improve animal productivity in countries with insufficient feed resources is an important target for ruminant nutritionists. Based on the growing concerns about the use of antibiotics in animal feeds, identifying organic alternatives as feed additives to modulate the rumen fermentation pattern and increase the efficiency of nutrients utilization became a concern. Humic acid ABSTRACT. Impact of humic acid (HA) on ruminal fermentation characteristics, blood parameters and milk yield in goats and growth rate of their kids was determined. Twenty late pregnant Barki goats (45.4 ± 1.5 kg body weight) were allocated into two treatments (10 goats per treatment), housed individually in closed pens (one goat per pen) and fed a total mixed ration (TMR) twice a day. The TMR was composed of 400 g roughage and 600 g concentrate mixture. Goats were fed either TMR without HA (control diet, CTL) or orally drenched with HA at a dose of 2 g · d -1 per goat (HA diet) for 14 days prepartum and 56 days postpartum. The results revealed that HA increased ruminal pH, acetate and propionate proportions, while ammonia concentration and protozoa number were decreased. Administration of HA reduced daily dry matter intake and total faecal egg count. Animals treated with HA were characterised with increased blood total protein, globulin and glucose levels, while reduced blood urea nitrogen, cholesterol, non-esterified free fatty acids and β-hydroxybutyrate concentrations were stated. Milk, fat, lactose and protein yields increased, while milk urea nitrogen and somatic cell count decreased with HA treatment. Milk fat and protein contents were increased for goats treated with HA. Kids reared by goats treated with HA had increased body weight and 31% greater daily weight gain than CTL ones. So, HA could be efficiently used as a promising organic additive to modulate ruminal fermentation pattern. Administration of HA improved milk yield and its quality in goats, and also growth rate of their kids with no adverse effects on animal health.
(HA) is an end product of biodegradation processes of soil organic substances used as growth promoter (Galip et al., 2010) . Previous studies reported that the addition of HA into the diet improved the animal health, stimulated nutrients digestion, growth and development of immune responses (Trckova et al., 2005) . For instance, HA is known to have a beneficial impact on ruminal and intestinal microflora stabilization, ensuring enhanced feed efficiency. Nitrogenbinding capabilities of HA helped to minimize ammonia nitrogen (NH 3 -N) emissions from cattle feedlots (Ji et al., 2006) . Moreover, addition of HA exhibited an inhibitory effect against toxins and infections and positively stimulated neutrophil activity as well as defence mechanisms against pathogens (Dabovich et al., 2003) . The knowledge on the influence of HA administration in Barki goats on milk production and growth rate of their kids in Egypt is limited. Moreover, the present study sheds light on the impact of HA as a feed additive on ruminal fermentation characteristics, digestibility, productivity and health of goats and growth rate of their kids. It was hypothesised that HA as an organic additive could improve the productive performance of goats without negative effects on their health and health of their kids.
The objectives of this study were to examine the influence of HA on appraising rumen fermentation constituents, nutrients digestibility, blood biochemical parameters, response to parasites and milk yield of goats and growth of their kids.
Material and methods
All samples were analysed at the Advanced Laboratory of Animal Nutrition, Department of Animal Production, Faculty of Agriculture, Alexandria University and City of Scientific Research and Technological Application (SRTA-City, Egypt). The care of all goats was performed in accordance with the guidelines of treatment of agricultural animals in agricultural research and teaching.
Experiment design and goats treatment
Twenty late pregnant Barki goats (45.40 ± 1.5 kg body weight) were allotted into two treatments in a completely randomized design. Two weeks before the onset of the experiment, goats aging 35 ± 0.3 months, of similar lambing date and body weight, were selected from the farm flock. Goats were housed in individual pens with muddy floors bedded with rice straw. Each pen was equipped with feeder and water buckets. For 70 days goats were fed individually a basal diet as total mixed rations (TMR) with 40% forage and 60% concentrate (F/C) containing 200 g of maize silage, 200 g of Egyptian berseem clover (Trifolium alexandrinum L.), hay and 600 g of concentrate mixture per kg dry matter (DM) to meet their nutrient requirements according to National Research Council (NRC, 2007) recommendations (Table 1) . Goats received basal TMR either without HA (control group, CTL) or were orally drenched with 2 g · d −1 of HA per goat (HA group) for 14 days prepartum (before the expected lambing date) and 56 days postpartum. Each HA dose was diluted in 50 ml fresh water before each morning feeding and orally drenched to each goat in order to ensure that each goat receive the full dose of HA. Each 100 g of humate substances used in the present study (GTX Technologies, Amarillo, TX, USA) were composed of 90 g HA and 10 g minerals. Goats were fed similar equal portions of TMR twice a day at 08:00 and 16:00 allowing refusal amount of approximately 10% of daily dry matter intake (DMI). Water was available ad libitum. The experimental TMR ingredients and chemical composition are presented in Table 1 . 
Feed intake and sampling collection
The DMI was measured as the difference between the total daily amount of feed offered per pen and the total daily amount of weighed-back orts after allowing approximately 10% of DMI refusal of daily amount. Samples of TMR were taken weekly from each pen throughout the experiment and frozen at −20 °C for later chemical analyses.
Rumen fermentation characteristics analyses
On days 17, 34, 51 and 68 postpartum, 20 ml of ruminal fluid were withdrawn 3 h post-feeding from each animal using a stomach tube (Ramos-Morales et al., 2014) . After the collections, aliquot samples were strained through 4 layers of cheesecloth and then prepared for subsequent determination of NH 3 -N concentration, total number of protozoa count and short chain fatty acid (SCFA) analyses. Ruminal fluid pH was measured immediately after withdrawing using a portable pH meter (GLP 21 model; CRISON, Barcelona, Spain). Ruminal NH 3 -N concentration was measured colorimetrically with the use of spectrophotometer (Alpha-1101 model; Labnics Equipment, Fremont, CA, USA) using commercial lab test (SPINREACT, St. Esteve de Bas, Girona, Spain) as described by Konitzer and Voigt (1963) . Aliquots of 2 ml subsample were mixed with 4 ml of methyl green-formalin-saline solution in glass bottle at room temperature for subsequent analyses of total protozoa counts (Onodera et al., 1977) using Neubauer improved bright-line counting chamber according to the procedure described by Dehority (1993) . Individual SCFA concentrations were determined as described by Abo-Zeid et al. (2017) with some modifications using gas chromatography (GC) (TRACE1300, Thermo Fisher Scientific, Inc., Rodano, Milan, Italy) fitted with an AS3800 autosampler and equipped with a capillary column HP- FFAP was used as carrier gas. Air, hydrogen and nitrogen fluxes (make up gas) were kept at 450, 40, and 35 ml · min 
Apparent nutrients digestibility
At the last 7 consecutive days of the experiment (days 64-70), fresh faecal grab samples (50 g each) were obtained daily from each animal at 09:00 and 17:00 about 1 h post-feeding. Apparent nutrients digestibility were calculated based on the relative concentrations of these nutrients and of acid insoluble ash (AIA) in the feed and faeces as an internal marker according to Van Soest et al. (1991) . At the end of this period, all the aliquots of faeces from each animal were bulked and mixed completely, the pooled samples were dried in a forced air oven at 60 °C for 72 h, ground to pass through a 1-mm stainless steel screen using Wiley mill grinder and stored until chemical analyses.
Blood sample analyses
On days 17, 34, 51 and 68 postpartum, blood samples (10 ml) were taken from jugular vein of each goat into heparinized tube before the morning feeding. The blood samples were centrifuged at 4000 g for 20 min and plasma was immediately frozen under −20 °C for future processing. Blood total protein, albumin, urea, glucose and cholesterol levels were measured using commercial colorimetric kits (SPINREACT, St. Esteve de Bas, Girona, Spain) according to Tietz et al. (1995) . Globulin concentration was calculated as the difference between the total protein and albumin values. The serum β-hydroxybutyrate (BHBA) concentration was determined by a kinetic enzymatic method using a commercially available kit (RANBUT D-3-hydroxybutyrate; Randox Laboratories Ltd., Crumlin, UK). Serum non-esterified free fatty acids (NEFA) concentration was measured using commercially available kit supplied by Randox Laboratories Ltd. (Crumlin, UK).
Faecal sample collection for egg count analysis
Individual faecal samples were collected at days 14, 28, 35, 42, 49, 56, 63 and 70 throughout the experiment before the morning feeding to measure faecal egg count (FEC; without egg differentiation) using the modified McMaster technique (Ueno and Gonçalves, 1998) .
Milk sampling, yield and composition
After the first 3 days of parturition, milk yield assessment was started to enable kids to learn to suckle their dam colostrum. Individual milk yield was measured at days 17, 34, 51 and 68 through-out the experiment (the same days used in blood and ruminal fluid sampling) using the oxytocin protocol (Zamiri et al., 2001) . In brief, to elicit milk let-down, 5 min prior to milking goats received an intramuscular injection of commercially available oxytocin at a dose of 2 IU per animal per day (Oxitocina Diana; Super's Diana, S.L., Barcelona, Spain). Goats were re-milked approximately 4 h later in the same order as first milking and following the same protocol. The weight of milk in the second milking (between milking yield) was recorded to obtain an estimate milk production per day.
Individual fresh milk samples (20 ml) were analysed for fat, lactose and protein contents by infrared methods (EKOMILK-M Ultrasonic Milk Analyzer, EON Trading Inc., Zagora, Bulgaria). Milk urea nitrogen (MUN) content was measured using commercial colorimetric kits (SPINREACT, St. Esteve de Bas, Girona, Spain) as described by Tietz et al. (1995) . The somatic cell count (SCC) was determined by EKOMILKSCAN Somatic Cell Analyser (Bulteh 2000, Zagora, Bulgaria). Fat corrected milk (FCM, kg · d ) was calculated as (0.3246 × milk yield) + (12.86 × fat yield) + (7.04 × protein yield) according to Bernard (1997) . Feed efficiency expressed as milk yield per unit of DMI was calculated.
Kids performance and body weight gain
Birth weight of kids was recorded directly after birth. All kids were weighted on days 30 and 60 postpartum to calculate average daily gain (ADG). Kids body weight at weaning was considered after 60 days of age and recorded after 8 h fasting period. Throughout the experiment, kids were allowed to stay with their does from 08:00 and 18:00 except for milk production estimation days.
Laboratory analyses
Feed, orts and faecal samples were thawed and dried in a forced-air oven at 60 °C for 72 h and ground to pass a 1-mm screen for future analyses. ) was calculated as 1000 − (aNDFom
The concentrations of cellulose (cellulose, g · kg −1 DM = ADFom -lignin) and hemicellulose (hemicellulose, g · kg −1 DM = aNDFomADFom) were calculated.
Statistical analysis
Data for DMI, rumen fermentation constituents (pH, NH 3 -N, SCFA and protozoa number), blood biochemical parameters (total protein, albumin, globulin, urea, glucose, cholesterol, NEFA and BHBA concentrations), faecal egg count and lactation performance were analysed as a complete randomized design with two dietary treatments (CTL and HA) with repeated measures over time using the PROC MIXED procedure of SAS (version 9.1, 2002; SAS Institute Inc., Cary, NC, USA). The model was:
where: Yij -dependent variable; μ -overall mean, Ti -effect of treatment (i = 1-2); Dj -effect of sampling day (j = 1-4); DTij -interaction of treatment × time; and Eij -residual error. Data for coefficient of digestion and kids performance were analysed using the GLM procedure of SAS following model as Yi = μ + Ti + Ei, where: μ -overall mean; Ti -treatment effect (i = 1-2); and Ei -residual error. Statistical differences among treatments were declared at P ≤ 0.05, and tendencies were considered at 0.05 < P ≤ 0.10.
Results

Effects on ruminal fermentation constituents
Ruminal pH increased (P < 0.001) when goats were drenched with HA in relation to CTL (6.58 vs 6.21, respectively) and a significant effect (P = 0.007) of the experimental period was stated ( Table 2) . Ruminal NH 3 -N concentration was lower (P = 0.009) in goats administered with HA than in CTL ones (14.89 vs 12.43 mg · dl 
Effects on DMI and apparent nutrients digestibility
Actual DMI was reduced (P < 0.001) by administration of HA (1.040 vs 1.013 kg · d −1
, Table 3 ). However, in all goats, apparent nutrients digestibility was not affected (P > 0.05) with HA treatment.
Effects on blood metabolites and FEC
Goats administrated with HA showed higher blood total protein (P =0.015) and globulin (P = 0.003) concentrations than CTL ones (5.95 and 3.64 vs 5.51 and 3.06 g · dl −1 , respectively, Table 4 ). Goats administrated with HA were characterised with decreased blood levels of BUN (P = 0.001), cholesterol (P = 0.010), NEFA (P = 0.001) and BHBA (P < 0.001) than CTL animals. Plasma glucose levels in goats administrated with HA were increased (P = 0.008) in comparison to CTL (49.77 vs 54.10 mg · dl −1 , respectively). A significant interaction of diet × day was found for glucose and cholesterol levels (P < 0.001 and P = 0.001, respectively). Administration of HA caused a significant decrease (P = 0.043) of total FEC relative to CTL (2.95 vs 2.57 egg · g −1 , respectively) and was affected by the day of sampling (P < 0.001, Table 4 ).
Effects on milk yield and composition
Milk, fat, protein, lactose, FCM and ECM yields increased (P < 0.05) with administration of HA in comparison to CTL (Table 5) . High milk fat (P < 0.001) and protein (P = 0.002) contents were observed in HA treated animals. Goats drenched with HA showed also lower MUN level (11.85 vs 10.28 mg · dl , P = 0.032) and milk SCC (2.82 vs 2.57 ×10 3 cell · ml −1 respectively, P = 0.001). The milk SCC was also affected by the day of sampling (P = 0.013) in goats administrated with HA. Feed eficiency was increased (P < 0.001) by the administration of HA. SCFA -short chain fatty acids; SEM -means standard error; 1 diet: CTL -control as basal diet without humic acid, HA -basal diet plus humic acid; 2 effects: diet -diet effect, day -day effect, diet ×day -diet by day interaction effect;
ab -values within the same row with different subscripts are significantly different (P < 0.05) Table 2 ; ab -values within the same row with different subscripts are significantly different (P < 0.05) BUN -blood urea nitrogen; NEFA -nonesterified fatty acids; BHBA -β-hydroxybutyrate; FEC -faecal egg count transformed by log10 (X + 10); SEM -means standard error; 1,2 see Table 2 ; ab -values within the same row with different subscripts are significantly different (P < 0.05)
Effects on kid performance and body weight gain
Administration of HA showed similar (P = 0.977) kids birth weight (averaged 2.12 kg) ( Table 6 ). Live body weight gain of kids reared by goats administrated with HA was higher (P < 0.001) than of those reared by the goats in CTL group at 30 and 60 days of age after birth (4.34 vs 4.82 and 6.86 vs 8.34 kg, respectively). Consequently, kids born from goats administrated with HA showed 21 and 31% greater (P < 0.001) ADG than kids born from goats from CTL group (after 30 and 60 day, 63.64 vs 77.29 and 73.04 vs 95.84 g · day −1 , respectively).
Discussion
Effects on ruminal fermentation constituents. The use of HA, as an organic additive for lactating goats, is actually a novel approach. According to Van Soest (1994) , the optimal ruminal pH ranges from 6.10 to 6.80 for rumen microbial proliferation. High ruminal pH value of goats treated with HA reflects a buffering capability of humate substances, which in turn possibly leads to stabilize ruminal acidity and manipulates ruminal changes toward improving efficiency of rumen microbial functions. Buffering abilities of HA could allow goats to reap the buffering benefits of HA which presented variable impacts of the treatments at different days of sampling. The results revealed lower ruminal NH 3 -N concentration in goats drenched with HA. It may be connected with the effectiveness of humate substances to reduce NH 3 -N accumulation, which highlights the addition of HA as organic additive. Moreover, strong nitrogen-binding properties of HA may induced extra reduction of ruminal et al., 2006) . This could reflect the higher ability of HA to cause a shift in nitrogen excretion from urine to faeces due to reduced solubility. The ability of HA to alter ruminal fermentability by sequestering NH 3 -N and then slowly releasing it for microbial growth can be proven by about 20% reduction of ruminal NH 3 -N concentration. Thus reducing protozoa number may increase microbial crude protein (MCP) flow to the small intestine (Galip et al., 2010) . Decreases in ruminal NH 3 -N concentration were accompanied by the reduction in protozoa counts. Ruminal C3 concentration were different between the sampling days, which could be a result of ruminal microbial population shift.
Effects on nutrients intake and apparent digestibility. Differences of DMI in response to HA administration were observed. Reduction in DMI could result from greater ruminal C3 concentration. Thus, lower DMI could be also attributed to increased plasma glucose in goats treated with HA, which may affect daily DMI (Allen et al., 2009) . In general, the differences in ruminal fermentation patterns suggest that HA could have different mode of actions on microbial activities. Though the lack of effects of HA on whole digestibility of nutrients was not expected. Váradyová et al. (2009) reported similar nutrients digestibility in in vitro batch cultures supplemented Table 2 ; SEM -means standard error;
ab -values within the same row with different subscripts are significantly different (P < 0.05) FCM -fat corrected milk; ECM -energy-corrected milk; MUN -milk urea nitrogen; SCC -somatic cell count and transformed by log10 (X + 10); DMI -dry matter intake; SEM -means standard error; 1,2 see Table 2; ab -values within the same row with different subscripts are significantly different (P < 0.05) with HA. Based on this discrepancy, it is reasonable to estimate that HA had a little impact on apparent nutrients digestibility, possibly related to the dose of HA, the adaptation period, sampling time or TMR composition used in this study.
Effects on blood metabolites and FEC. Higher total protein levels observed in goats receiving HA suggest that HA may modulate protein metabolism. Administration of HA increased globulin concentration, and such a rise could reflect the capability of humate substances to stimulate the immune system of animal (Trckova et al., 2005) . In HA treated goats, lower BUN value is indicated by more efficient utilization of dietary CP for microbial protein synthesis associated with nitrogen-binding capabilities of HA. This low value of BUN confirmed the observation of Van Soest (1994) that lower BUN is usually associated with a lower ruminal NH 3 -N flux to bloodstream. Thus, reduction in BUN value could be supported by lower ruminal NH 3 -N concentration.
In the present study, the lower blood cholesterol level was found in goats drenched with HA. This finding confirms the ability of HA to reduce total cholesterol levels (HA decreases iron release from ferritin storage and as a consequence stimulates lipid peroxidation in dairy goats).
The high glucose level throughout the lactation period could enhance mammary glucose supply and thus stimulate milk lactose synthesis. In goats treated with HA also the increased amino acids uptake by the mammary gland might have been stated as a result of enhanced mammary blood flow. Higher glucose level can be a useful indicator for enhancement of goat energy status. In the present experiment, the levels of blood metabolites potentially indicate that goats administrated with HA were in normal physiological state (Kaneko et al., 2008) and have normal energy status, reflecting no adverse effects produced by HA administration. This might be the possible explanation for the lower feed DMI in goats supplied with HA. Additionally, greater ruminal C3 was associated with high liver gluconeogenesis raising plasma glucose concentration. This pattern was possibly related to rapid flux of ruminal C3 into bloodstream converted in the liver to glucose. Moreover, high level of NEFA and BHBA serves as an indicator of energy condition and lipolysis which coupled with high cholesterol levels (Ametaj et al., 2009) . In goats fed HA diet there was found an increased blood glucose level in comparison to goats fed CTL diet, associated with lower NEFA and BHBA concentrations. This may indicate that HA increasing glucose level may improve the energy balance and simultaneously decreasing the risk for ketosis.
Reduced total FEC with HA treatment indicated a positive effect of the latter on stimulation of the immune system of animals to strengthen the resistance against pathogens (Trckova et al., 2005) . Immune system stimulation due to HA antibiotic properties resulted in increased resistance to diseases, as well as parasite manifestation due to the antiparasitic activity of humate substances.
Effects on milk yield, composition and kids performance. In the present experiment, administration of HA enhanced daily milk yield by about 18%. Better milk yield and composition observed in animals fed HA may result from better nutrients utilisation induced by HA addition. It is supposed that the use of humic substances can stimulate cell membrane metabolic activities due to the accelerated oxidative processes leading to more efficient nutrients uptake. Enhanced lactation performance in goats treated with HA may be connected also with better rumen parameters. Moreover, increased yield of milk constituents (fat, lactose, protein) resulted from higher milk production observed in HA group.
In goats treated with HA increased milk fat content might be the consequence of high ruminal C2 concentration (precursor of milk fatty acids), which could probably enhance de novo fatty acid synthesis in mammary gland. However, higher fat content in milk may also be a result of increased exogenous fatty acids uptake from the gastrointestinal tract. Higher blood glucose level could have an impact on higher milk protein yield in HA goats. In comparison to CTL about 24% higher ECM was connected with higher milk fat yields found in goats fed HA. However, changes in feed efficiency could be mostly due to differences in milk production. The observed decreased level of MUN in goats fed diet with HA can be explained by lower BUN level which resulted from lower ruminal NH 3 -N concentration. In the present study, MUN result fits very well with the reduction of BUN and ruminal NH 3 -N obtained.
Mastitis, an inflammation of the mammary gland caused by bacterial infection, damages glandular tissue causing lower milk yield and elevates SCC (Sharma et al., 2011) . Regardless of mastitis, lower milk yield in ewes is known to be positively associated with higher SCC. The results of present study showed 9% reduction in milk SCC in animals fed HA. Moreover, there was observed the influence of the sampling day (the longer administration the lower SCC value in milk). This could be connected with nutriceutical properties of HA which mode of action stimulates neutrophil activity to protect the animal organs against pathogenic bacteria (Dabovich et al., 2003) . This is in contrast to the results of Degirmencioglu and Ozbilgin (2013) on Saanen goats.
Kids weaned from goats administrated with HA were heavier than those from CTL group and had 31% greater ADG after 60 days. This could be justified by higher milk yield, quality and efficiency. It is also important that HA was administered during late pregnancy and whole lactation period, which allowed to produce high quality colostrum and then milk. Increasing the availability of nutrients supply to lactating goats might directly improve performance and growth rate of their kids. Therefore, it could be suggested that the better pre-weaning ADG of kids will positively affect post-weaning efficiency. Wang et al. (2008) found that HA additive improved animal gut health, nutrients absorption and nutritional status. Differences in suckling kids growth performance are basically related to changes in milk yield, as well as milk fat and protein contents (Manso et al., 2011) . The novel appearance of goats administrated with HA may positively confirm the enhancement of immune system responses accompanied with low value of SCC. These findings explain that HA is a novel feed additive that can raise kids growth rate up to 31%.
Conclusions
Humic acid (HA) could be used to modulate the ruminal fermentation pattern by shifting ruminal fermentability to more efficient end products. Also, administration of HA improved goats milk yield and quality, and growth rate of their kids with no adverse effects on goat health. Responses to HA as a natural additive, however, may be dose-dependent. Nevertheless, further research evaluating HA long-term mode of action and its influence on nitrogen metabolism (dose vs the most favourable responses) is needed.
